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Agenda

- Introduction

- Algorithm R&D Plans
- Technical Approach
 Current Results

* Discussion and Plans
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Algorithm R&D Plans in Priority Order

k- Derive and Implement the Background and Source Simulation Algorithms
e Document the Background and Source Simulation Algorithms

9 ¢ Derive and Document the Proposed Backpropagation Algorithm
¢ Implement the Proposed Backpropagation Algorithm and possibly some others

¢ R&D for a new full inversion algorithm with proximity and energy constraints
- For a single block of measurements

- For multiple blocks of measurements

¢ Future Work:
- Fold in attenuation away from the source: occlusions, shielding, etc.

- Fold in asymmetric sources: occlusion near the source
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Problem Definition

Given:
¢ A Simple two-dimensional (planar) radiation field (no buildings, etc.)

- A grid of radiation samples

¢ A single constant radiation point source
¢ A single mobile radiation sensor traveling along a planar trajectory one meter
above the plane measuring counts per second at each grid point

e Measurements of the sensor position (GPS) along the trajectory

Goals:
e Estimate the radiation (counts/sec) at each point on the 2D grid based only
upon the sensor measurements acquired along the sensor trajectory.

e Detect the source, estimate its location and estimate its radiation strength.
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Simulations Algorithms Derivation p.1
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Simulations Algorithms Derivation p.2
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Simulations Algorithms Derivation p.3
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Simulations Algorithms Derivation p.4
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Simulations Algorithms Derivation p.5
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Simulations Algorithms Derivation p.6
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Simulations Algorithms Derivation p.7
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Simulations Algorithms Derivation p.8
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Simulations Algorithms Derivation p.9
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Simulations Algorithms Derivation p.10
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First Step in the Background Radiation Simulation:
Construct a 2D Gaussian Distributed Array

W = Gaussian Distributed Radiation Field to be Lowpass Filtered in the Next

Step with a 1/R? Filter Kemel to Form the *True" Radiation Field
This represents one realization of a draw from the Gaussian RNG

g 2
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Simulated Background Radiation Field: Gaussian Array
Convolved with a “1/R?” 2D Filter Kernel:

Y bkg = Simulated "True" Background Radiation Field
= a Gaussian Distributed Radiation Field Filtered with a 1/R? Filter Kemel
This represents one realization of a draw from the Gaussian RNG
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Background Radiation Field + Injected Poisson Point
Source Radiation

Y inj = BACKGROUND RADIATION FIELD + SOURCE RADIATION (counts/sec)
Y inj = What the truth would look like once the
radiation is transported to all the grid points
This represents one realization of a draw from the Gaussian RNG
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Background Radiation + Point Source Location + Sensor
Trajectory

Y bkg = Simulated Background Field Overlaid with
The Line = the Location Vector = p of the Sensor Platform Trajectory
The Star Depicts the Location of the Injected Source
This represents one realization of a draw from the Gaussian RNG
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U = Mean of the Poisson BG Measurements and
Uinj = Mean of the Source Measurements Along the Sensor Trajectory

U = Mean of the Poisson Measurements and U injected = Mean of the Injected Source
Along the Sensor Trajectory (two vectors of means vs. distance)

- This represents one realization of a draw from the Gaussian RNG

U (Background Means)
- U injected (Injected Means)

counts/sec

30 ‘- || || || | | |
0 20 40 60 80 100 120 140
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Y = Poisson BG Measurements and
Yinj = Poisson Source Measurements Along the Sensor Trajectory

Y = Poisson Draw Measurement and Y injected = Poisson Draw Injected Source
Along the Sensor Trajectory (two vectors of means vs. distance)
This represents one realization of a draw from the Gaussian RNG to Make U
and one draw each from a Poisson Process to Make Y and Y inj
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Conclusions and Plans

k- Derive and Implement the Background and Source Simulation Algorithms
e Document the Background and Source Simulation Algorithms

9 ¢ Derive and Document the Proposed Backpropagation Algorithm
¢ Implement the Proposed Backpropagation Algorithm and possibly some others

¢ R&D for a new full inversion algorithm with proximity and energy constraints
- For a single block of measurements

- For multiple blocks of measurements

¢ Future Work:
- Fold in attenuation away from the source: occlusions, shielding, etc.

- Fold in asymmetric sources: occlusion near the source
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Preliminary Results for the Backpropagation
algorithm with Simulated Data

e This is the first radiation map result estimated using the Back Propagation algorithm
e | have not yet had time to validate the results

e The program was cancelled today, so | am documenting the results | have to date
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E2 Src_BGC.pdf
Map of Simulated Background and Source

Y inj = BACKGROUND RADIATION FIELD + SOURCE RADIATION (counts/sec)
Y inj = What the truth would look like once the
radiation is transported to all the grid points
This represents one realization of a draw from the Gaussian RNG
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E2 Ybkg Traj_ SrcC.pdf
Background Plus Sensor Trajectory and Source

Y bkg = Simulated Background Field Overiaid with

The Line = the Location Vector = p of the Sensor Platform Trajectory
The Star Depicts the Location of the Injected Source

This represents one realization of a draw from the Gaussian RNG
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E2_Ybkg_HistoC.pdf
Histogram of the Simulated Background

Histogram of Ybkg = the Simulated Background Array
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E2_Yinj_HistoC.pdf
Histogram of the Simulated Injected Source

Histogram of Ynj = the Simulated Injected Array
x10° Theoretically Optimal Number of bins = log2(Nsamples)+1 = 18
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E2_U(k)C.pdf
Mean of the Simulated Poisson Measurements

U = Mean of the Poisson Measurements and U injected = Mean of the Injected Source
Along the Sensor Trajectory (two vectors of means vs. distance)
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E2_Y(k)C.pdf
Simulated Measurements Along the Trajectory

Y = Poisson Draw Measurement and Y injected = Poisson Draw Injected Source
Along the Sensor Trajectory (two vectors of means vs. distance)
This represents one realization of a draw from the Gaussian RNG to Make U
and one draw each from a Poisson Process to Make Y and Y inj
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E2_Yinjected_w_SrcC.pdf
Histogram of the Sensor Measurement (w / Source)

Histogram of Yinjected = sensor measurement including source
Theoretically Optimal Number of bins = log2(Nsamples)+1 = 9
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E2 A B SC.pdf
A(m), B(m) and S(m), where S = A./B

A(m) = Final Numerator vs grid position m
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L& D vidpw.pul
Estimated Radiation Map Using Back
Propagation

SS = Radiation Field Estimated by the Backpropagation Algorithm
Nrows = 300, Ncols = 100, M = Nrows*Ncols = 30000

® Red = High

¢ Blue = Low
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E2 SS_HistoC.pdf
Histogram of the Estimated Radiation Map

Histogram of SS = the Estimated Rad Field Array SS
y =Y = Measurements for Background Only (No Source)
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Conclusions and Plans

k- Derive and Implement the Background and Source Simulation Algorithms
e Document the Background and Source Simulation Algorithms

9 ¢ Derive and Document the Proposed Backpropagation Algorithm
é ¢ Implement the Proposed Backpropagation Algorithm and possibly some others

¢ R&D for a new full inversion algorithm with proximity and energy constraints
- For a single block of measurements

- For multiple blocks of measurements

¢ Future Work:
- Fold in attenuation away from the source: occlusions, shielding, etc.

- Fold in asymmetric sources: occlusion near the source
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